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BACKGROUND: BENEFIT-COST ANALYSIS IN AVIATION PLANNING 2 3
Need for Benefit-Cost Analysis. Benefit-Cost Analysis (BCA), which is sometimes also 4 referred to as Cost-Benefit Analysis (CBA), is an analysis technique used to compare of the 5 economic efficiency of proposed public investments. It works by measuring streams of 6 benefits over time and streams of costs over time, and then expressing them in terms of their 7 discounted "present value." In theory, it provides a straightforward and consistent way to 8 compare rank and select among competing alternatives that may differ in timing and/or scale. 9 This characteristic enables its use for answering three kinds of questions based on economic 10 criteria: 11  Do the economic benefits of a proposed project justify its economic costs? 12 BCA has become an accepted standard for funding decision-making particularly for large 15 infrastructure projects, due to the greater magnitude of stakes and risk associated with such 16 projects. It has become widely accepted for aviation capital investments, as the resources 17 required for building new airports and expanding existing airports can be quite significant. 18 In the US, BCA studies have been required for federal grant applications for capacity 19 projects for local airports (over $5 million each) under the "Airport Improvement Program" 20 since at least 1994. Such studies are also required and commonly conducted for assessing 21 airport projects in other countries. 22 23 BCA Challenges. As a tool for public investment decision-making, BCA focuses on the "net 24 social benefit" or "social return on investment." In this context, the word social refers to 25 societal benefits and costs, which include public, private, and government benefits and costs. 26 Ideally, it is used to identify all impacts to society associated with taking an action, 27 regardless of whether the impacts come as a cost or benefit or whether they are borne by the 28 government or a direct beneficiary or a third party. In economic terms, BCA can identify 29 which project maximizes net social benefit. 30 31
This immediately raises the issue of what is a "project." In the context of airport planning, a 32 project is often a bundle or package of actions that reinforce each other. For instance, a 33 runway extension to expand capacity may be bundled with lighting enhancements needed 34 with it to enhance safety. Or expansion of air-side facilities may be bundled with ground-side 35 access improvements needed to serve the anticipated activity growth. Or taxiway and apron 36 facilities may be enhanced together with a terminal expansion. The difficulty for BCA arises 37 when only a portion of these bundles can be considered in the funding decision. For instance, 38 airport safety improvements are typically mandated by regulation rather than BCA-based 39 evaluation. Road access to airports may be in the decision-making purview of a highway 40 agency rather than the aviation agency. And in the US, federal grants to local airports can 41 fund air-side improvements but not terminals. So in each of these situations, a government 42 agency may wish for BCA to consider only a portion of the bundle. 43
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Another issue is the definition of what is a "user" of "beneficiary." In the case of general 2 aviation airports, there are uses for medical emergency (e.g., organ transport), military and 3 civilian flight training, and recreation (including commercial air shows) that require some 4 form of valuation or consideration in decision-making. Some general aviation airports also 5 serve as support centers for industry clusters, handling emergency replacement shipments for 6 just-in-time production processes, which typically involve charter and private industry 7 aircraft. In all of these cases, the benefit may be quite different from the traveler time and 8 cost savings factors that are commonly used for ground transportation. And in all of these 9 cases, it may be argued that the true user of the aviation services is the medical center, 10 educational institution or industry that chartered or paid for use of air service, rather than the 11 pilot and passenger. The possible need to consider wider definitions of airport users and 12 beneficiaries can raise additional challenges for the application of BCA to airport projects. 13 14 METHODOLOGY 15 16 To examine these issues, the Airport Cooperative Research Program, which receives its 17 funding from the (US) Federal Aviation Administration, commissioned funded a study to 18 synthesize current benefit-cost analysis practices and findings as applied to airport capacity 19 projects [1] . There were three parts to the research effort. The various BCA guides were first reviewed to examine similarities and differences in how 17 narrowly they define benefits and costs. The comparison of guidance documents found that 18 all recognize the same general elements of (1) recognizes shippers, who may incur additional costs (above and beyond the pass-through of 25 operator costs) for delays that affect inventory carrying costs, spoilage and logistics processes 26 [5] . Such impacts can be important for aviation because air freight tends to have a particularly 27 high value and time sensitivity. Going back to 1990, the FRA guidance had also defined cost 28 savings benefits of rail freight in terms of shipper costs [10] . In addition, a study for FHWA 29 recommended the addition of shipper "logistics costs" savings in BCA studies for freight-related 30 projects [17] . However, most of the other guidance documents are silent on the treatment of 31 freight shippers, which could be interpreted as implying that shipper benefits are covered insofar 32 as they are represented by the valuation of project impacts on operator costs. 33 34
Intermodal Efficiencies. There are also significant differences among the modal guides in their 35 attention to multimodal interactions. For example, the FAA's aviation guidance explicitly 36 defines "users" as the "aviation public." This definition is multi-modal to the extent that other 37 modes (e.g., road and transit) are used to access airports. For instance, a number of airport BCA 38 studies include benefits of improving an existing airport associated with savings ground access 39 costs. The classic example would be the case where expansion of a new airport enables new air 40 service, that allows some air travelers to use a closer airport and hence reduce ground travel time 41
and cost compared to what would otherwise be incurred in accessing a more distant airport. 42 43
This definition of the "aviation public" does not, however, extend to users of other modes along 44 the same travel corridors. So it would not count benefits accruing to car or truck travelers if, for 45 example, an aviation project reduces highway congestion or railroad operating costs because of 46 mode-switching behavior. Current aviation guidance allows for new aviation travel caused by an 1 airport improvement to be recognized as an induced benefit, valued through consumer a surplus 2 calculation, although this is a practice that is rarely applied to aviation infrastructure projects [5] . 3 4
In contrast, highway and public transit BCA studies [7, 12] tend to explicitly include multiple 5 ground transport modes such as cars, trucks, buses and rail transit, and thus the time and cost 6 impacts of switching among those modes are often directly calculated. However, BCA studies 7 for highways and public transit usually ignore intercity rail, marine and aviation modes because 8 they are not covered by ground transport network models. BCA studies for high speed inter-city 9 trains, though, do typically include competing train, car and bus modes [11] . 10 11
User Safety. Safety benefits are handled quite differently in aviation BCA guidance than in 12 any other modal guidance. This is primarily because aviation crashes are extremely rare; 13 however, when they occur, they can be very costly. Freight [17] . Multi-modal guidance documents also recognize freight inventory value in the 21 calculation of delay costs [14] and that factor is incorporated into some highway analysis 22 systems (such as FHWA's BCA.NET system). The TREDIS multi-modal analysis framework 23 further allows for inclusion of both freight value and logistics costs in a multi-modal BCA [18] . 24
Taken together, the implication of these various modal discrepancies in valuation of freight time 25 delay is particularly problematic for aviation planning. That is because aviation attracts the most 26 time-sensitive freight deliveries, so differences in the treatment of this factor can have a 27 substantial impact on comparison of the relative value of aviation vs. However, aviation guidance in the US is considerably different from that for other transport 5 modes. As with safety and security, air quality benefits of aviation projects are treated primarily 6 as a regulatory requirement. In particular, it is made clear that no benefit attribution is allowed 7
for compliance with regulatory requirements that would not have been necessary if the project 8 was not built. However, some environmental benefits of airport projects are allowed in areas not 9
attaining Clean Air Act standards [5] . Overall, it appears that treatment of environmental impacts 10 among various modes can be explained by internal logic that makes sense for each mode when 11 considered separately, but which nonetheless complicates cross-modal valuation of alternatives. 12 13
Noise pollution is also a major concern for airports, so it is not surprising that it is recommended 14 as an element of airport BCA studies [5] . The valuation of noise benefits (or dis-benefits) is also 15 recognized in multimodal BCA guidance in Canada and Europe [14, 16] and in the TCRP Guide 16 [7] . However, most of the other modal guidance documents, including highway BCA guides, are 17 silent on noise impacts. This is not particularly surprising, given that noise is more likely to be a 18 factor for road and rail projects. 19 20
Economic Productivity and Macro-Economic Benefits. Economists define productivity as the 21 amount of output produced by a firm or industry per unit of input (typically defined as labor or 22 capital). There is general acknowledgement that transport projects can have the ability to 23 stimulate increased business productivity and economic growth by enabling economies of scale, 24 agglomeration or reorganization of business processes. The potential for productivity impacts is 25 recognized in most guidance documents, though there is disagreement concerning their inclusion 26 in BCA studies. For instance, FAA guidance recognizes the potential for further productivity 27 benefits associated with "logistical response" but it states that "given the early stage of 28 development of this type of analysis, FAA will consider claimed productivity gains separately 29 from conventional BCA results" [5] . FHWA's freight BCA study similarly recognized that a 30 primary mechanism for productivity improvement occurs as freight shippers respond to lower 31 transportation costs by adjusting inventories or shuffling logistical activities [17] . Industry-level 32 productivity impacts are also recognized in Canadian BCA guidance [16] . However, no clear 33 consensus has emerged as to how to measure such benefits in BCA at this time. 34 35
Ironically, economic productivity is often cited as one of the chief justifications for national-level 36 transport funding. But on the other hand, there is concern about double-counting of benefits in 37 BCA studies. In particular, it is possible that some elements of productivity benefit may be 38 included in separate estimates of consumer surplus gained from induced travel. For instance, if 39 the cost of freight transportation drops owing to additional transportation investment, then firms 40 may choose to purchase more transportation to economize on other production costs such as 41 inventories and logistics. To the extent that these decisions are reflected in induced travel on the 42 facility being studied, their inclusion could potentially constitute double-counting of benefits. 43 44
EFFECT OF SHIFTING DISCOUNT RATES
Ultimately no factor can change the results of BCA studies, or the comparison of projects, as 3 dramatically as the choice of the discount rate. The reason is that the capital cost of new projects 4 occurs largely as an "upfront" expenditure associated with materials and the construction 5 process. Conversely, project benefits occur sometime later, starting after the construction is 6 finished and continuing into the future. Therefore, a higher discount rate has the effect of 7 reducing the PV of benefit streams extending into the distant future, while having relatively less 8 impact on cost streams that are incurred mostly upfront. 9 10 This effect is illustrated in Exhibit 2, which shows that a project that passes the BCA tests (i.e., 11 has benefits greater than costs) with a low discount rate may fail if a higher discount rate is 12 adopted. The problem is exacerbated by the fact that aviation projects can have faster time 13 frames (often 1-4 years) than highway and rail corridor projects, especially if the latter involve 14 development of new right-of-way (which can take a decade or longer). federal regulations and investments, with the explanation that it "approximates the marginal 30 pretax rate of return on an average investment in the private sector in recent years." The quote 31
continues, "significant changes in this rate will be reflected in future updates of this Circular." 32
[2]. However, no such updates were published, as OMB subsequently decided to discontinue 33 that series. Meanwhile, OMB has continued to publish a separate series of annual updates to the 34 recommended discount rate used in lease-purchase and cost-effectiveness analyses. The latter 35 rate, which was 5% in 1992, is currently down to 2.7% as of December 2008 [20] . 36 37
Other, more recent guidance documents, now call for discount rates substantially different from 38 the OMB's 1992 recommended value. The Highway Economic Requirements System -State 39 Version (HERS-ST), for example, recommends a real discount rate between 3% and 5% (with 1 7% for sensitivity analysis) [8] . The FHWA's "Economic Analysis Primer" recommends that 2 states adopt a rate tied to the cost of government borrowing, and suggests a range between 3% 3 and 5% [9] . The European Commission also recommends 5% [14] . On the other hand, Transport 4
Canada recommends a 10% real discount rate (using 5% and 15% in sensitivity analysis) [16] . 5 6 Regardless of the specific discount rate recommended, all of the guidance documents that were 7 reviewed do call for using a fixed discount rate when comparing projects, and most call for using 8 a consistent rate to allow for comparison among competing projects and among alternative time 9 frames for project development. However, the guidance offered by different agencies currently 10 prevents such consistency in decision-making across different types of projects, locations and 11 jurisdictions. The problem may be most severe when an airport project bundle includes some 12 elements that are eligible for federal funding and other elements that are eligible for state 13 funding, with different discount rates required by each agency. 14 15
OTHER CONSIDERATIONS NOT COVERED BY BCA 16 17 There are additional forms of non-user impact that are typically not covered by BCA. They 18 include both (1) distributional impacts among areas of impact, and (2) impacts on external 19 funding availability and (3) financing implications. Each is noted below. 20 21
Distributional benefits. Airport investments (or other forms of infrastructure investment) that are 22 made in economically distressed communities may have the further social benefit of shifting 23 aviation activity to create more income in areas of economic need rather than areas where 24 economic growth is already high. Additional jobs and income may be attracted to the local area 25 (and some local jobs at risk of being lost may be retained) because of enhanced local business 26 competitiveness enabled by airport access and service improvements. These may be considered 27 to be spatial redistribution benefits or they may be considered to be local economic development 28 benefits. In some cases, the effort to further local economic development may be an explicit goal 29 of the investment. For those cases, it may be misleading to ignore it in BCA measurements and 30 merely relegate it to the class of distributional impacts. constitutes the "aviation community" has changed as air freight has grown in 33 importance. Traditionally, airport BCA studies focused on interviewing air travelers, 34 air carriers, and airport-related businesses (primarily fixed-base operators) for 35 information on how airport improvements would affect their costs and benefits. 36 However, with the growth of air freight, many businesses are not airport related, yet 37 they depend on air parcel carriers and commercial aviation (through belly freight) for 38 incoming supplies and outgoing orders. The benefits of enhanced air services for the 39 productivity of these aviation-reliant businesses, the ultimate users of air freight, may 40 be significantly larger than the benefits reported by commercial and charter carriers. 41
Further research is needed to better understand the valuation of benefits for this group 42 and to recognize these benefits without double-counting the benefits to air carriers. 43 44
